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(54) Flattened tube cold plate for liquid cooling electrical components 



(57) A cold plate and a method of forming the cold 
plate are provided that efficiently and cost effectively 
cools electrical components. The cold plate includes a 
flattened tube formed from a circular extruded tube to 
have a top surface and a bottom surface that are sub- 
stantially parallel and contiguously connected by round- 
ed corners and defining an interior space. The circular 
extruded tube includes a plurality of ins extending into 
the interior space form inner walls thereof to form a plu- 



rality of channels in said flattened tube between said fins 
for defining a cooling liquid passage therethrough. The 
fins may extend parallel to the direction that the flattened 
tube extends, or extend at a predetermined angle to the 
direction that the flattened tube extends. Also, the fins 
associated with the top surface may extend at an angle 
to the fins associated with the bottom surface to form a 
plurality of intersecting points which form a torturous flu- 
id flow path. 
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Description 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims priority under 35 U.S. 
C. §11 9(e) to provisional patent applications serial num- 
bers 60/305,479 filed July 13, 2001; and 60/339,593 
filed December 11, 2001, the disclosures of which are 
hereby incorporated by reference. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT N/A 

BACKGROUND OF THE INVENTION 

[0002] Electronic components mounted on circuit 
boards generate heat which must be dissipated for their 
proper functioning. In low total power or low power den- 
sity applications, air is typically used to cool these elec- 
tronic components. The use of fans, ducting and/or 
heatsinks to accomplish this is well understood and 
widely used in industry. 

[0003] In high total power or high power density ap- 
plications, air provides insufficient cooling because of 
its relatively low thermal capacity. In these applications, 
liquids can be used to provide significantly improved 
cooling, but provisions must be made to contain the liq- 
uid so that the electronic components are not directly 
contacted by the liquid. 

[0004] One conventional technique for cooling elec- 
tronic components uses a liquid-cooled plate. Conven- 
tional liquid-cooled cold plates are typically made of cop- 
per or aluminum, although other materials can be used. 
The cold plate includes channels within it for distributing 
the cooling liquid, and inlets and outlets for enabling the 
liquid to enter and exit the cold plate. The cold plate is 
then mated to the electronic circuit board. The electrical 
components on the circuit board that touch the cold plate 
are thereby cooled because of their close proximity to 
the cooling liquid, but at no time do the electrical com- 
ponents actually touch the cooling liquid directly. 
[0005] There are a wide variety of cold plate technol- 
ogies presently available. Lower performance cold 
plates typically use metal tubes to distribute the liquid 
and higher performance cold plates typically use vacu- 
um braze construction. Vacuum brazing allows the use 
of high performance fins to be placed within the liquid 
channel at locations where better heat transfer is re- 
quired by the cold plate surface. 

[0006] In many applications there are just a few elec- 
tronic components on a circuit board that actually re- 
quire liquid cooling. The present invention provides for 
cost effective cooling for individual components as well 
as for entire circuit boards. 

BRIEF SUMMARY OF THE INVENTION 

[0007] The present invention is directed to providing 



a cold plate that efficiently and cost effectively cools 
electrical components. The present invention is accom- 
plished according to one embodiment of the present in- 
vention by providing a flattened tube formed from a cir- 
5 cular extruded tube to have a top surface and a bottom 
surface that are substantially parallel and contiguously 
connected by rounded corners and defining an interior 
space. The circular extruded tube includes a plurality of 
ins extending into the interior space form inner walls 
10 thereof to form a plurality of channels in said flattened 
tube between said fins for defining a cooling liquid pas- 
sage therethrough. First and second header tubes are 
connected to opposite edges of the flattened tube for 
connecting the channels of the flattened tube. Thereby, 
is an inlet and an outlet are provided for passing the cool- 
ing liquid through the channels. The circular extruded 
tube may be formed of copper so that water may be used 
as the cooling liquid without the need for any corrosion 
inhibitors. 

[0008] In one embodiment of the present invention, 
the fins extend parallel to the direction that the flattened 
tube extends. Alternatively, the fins extend at a prede- 
termined angle to the direction that the flattened tube 
extends. Furthermore, the fins associated with the top 
surface may extend at an angle to the fins associated 
with the bottom surface to form a plurality of intersecting 
points which form a torturous fluid flow path. 
[0009] The present invention is further directed to a 
method of forming a cold plate for liquid cooling electri- 
cal components. The method includes the steps of ex- 
truding meta! in a circular tube comprising a plurality of 
fins extending from the interior surface of the tube with 
the fins being equally spaced and of a predetermined 
height. Then, the circularly extruded tube is flattened so 
that a top surface and a bottom surface are substantially 
parallel and contiguously connected by rounded comers 
and the fins extend into the interior between the top and 
bottom surfaces. As a result, an a cost effective cold 
plate may be processed that efficiently cools electrical 
components associated therewith. 
[0010] Other aspects, features and advantages of the 
present invention are disclosed in the detailed descrip- 
tion that follows. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWING 

[0011] The invention will be more fully understood by 
reference to the following detailed description of the in- 
vention in conjunction with the drawings, of which: 

Fig. 1 (a) illustrates a cold plate according to an em- 
bodiment of the present invention; 
Fig. 1 (b) illustrates a cross-section of the cold plate 
shown in Fig. 1 ; 

Figs. 2(a) and 2(b) illustrate systems having multi- 
ple cold plates according to embodiments of the 
present invention; 
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Fig. 3 illustrates the top surface of a cold plate hav- 
ing screw attachments for electrical components 
according to an embodiment of the present inven- 
tion; 

Figs. 4(a) and 4(b) illustrate top and bottom sections 
of a cold plate having angled fins according to an 
embodiment of the present invention; 
Figs. 5(a) and 5(b) illustrate the intersection of the 
fins and an isometric view of these sections respec- 
tively according to an embodiment of the present 
invention; 

Fig. 6 illustrates a copper tube prior to post-process- 
ing according to an embodiment of the present in- 
vention; and 

Figs. 7(a) and 7(b) illustrate a cold plate system ac- 
cording to another embodiment of the present in- 
vention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0012] A cold plate 100 for liquid cooling of electronic 
components according to an embodiment of the present 
invention is illustrated in Figs. 1(a) and 1(b). The cold 
plate 1 00 includes a top surface 1 20 and a bottom sur- 
face 130 that are substantially parallel and contiguously 
connected by rounded comers 122 and 124. A plurality 
of fins 110 extend substantially perpendicular between 
the top and bottom surfaces to form a plurality of chan- 
nels 140 through the length of the cold plate 100. The 
fins may extend straight or spiral/twist down the length 
of the tube in this embodiment. 

[0013] In forming the cold plate 100, copper, alumi- 
num or other like materials or compositions can be ex- 
truded into flattened tubes containing the plurality of fins 
110. Because the cold plate 1 00 is formed from copper 
tubes, or other formable conductors, in an extrusion 
process, the manufacturing process is very cost effec- 
tive. Also, the cold plate 1 00 of the present embodiment 
will have a thermal performance similar to cold plates 
formed of a vacuum-brazed process because the fins 
110 are very thin walls. However, the cold plate 100 of 
the present embodiment is manufactured at a fraction 
of the cost of the vacuum-brazed cold plates. The flat- 
tened tube structure of the cold plate 100 is also ex- 
tremely strong andean sustain internal pressures on the 
order of approximately 1000 psi or more. Furthermore, 
by bending the flattened tube structure around tight ra- 
diuses, the internal fins 110 act as spacers which pre- 
vents the tube from buckling and the passage from col- 
lapsing. Thereby, the cold plate 100 may be bent and 
shaped for placement in small and tight cooling areas. 
For instance, the cold plate 100 may be bent at a sharp 
radius and placed in an area near a motor to cool elec- 
trical components. 

[0014] To provide inlets and outlets for cooling by cir- 
culating cooling liquid through the cold plate, header 
tubes 150 and 152 are connected as manifolds in the 
openings to the ends of the cold plate 100 as illustrated 



in the examples of Figs. 2(a) and 2(b). At the ends 132 
and 134 of the cold plate 100 which expose the fins 110 
and channels 140, the header tubes 150 and 152 are 
attached by either gluing, soldering : brazing, welding or 

5 other known attaching techniques. In the embodiment 
of Fig. 2(a), one cold plate 100 is connected between 
the header tubes 150 and 152 and in the embodiment 
of Fig. 2(b), five cold plates 100 r 100 5 are connected 
between the header tubes 150 and 152 with any more 

10 number possible. 

[0015] In one embodiment of the present invention, 
electrical components are directly attached to the top 
surface of the cold plate 100 by glue, epoxy or other 
known adhesives. In another embodiment of the present 

15 invention, screw attachments 170 are attached to the 
top surface of the cold plate 100 as illustrated in Fig. 3 
so that the electrical components can be conveniently 
attached and removed as necessary. In the embodiment 
of Fig. 3, the screw attachments 170 are stud welded 
20 directly to the top surface of the cold plate 100 so that 
the electrical components have a receptacle for attach- 
ment and removal. The screw attachments 1 70 may be 
of aluminum, copper or other like materials and compo- 
sitions. 

25 [001 6] The cold plate 1 00 may be formed of flattened 
tubes made in a variety of different widths. For instance, 
flattened tubes of widths ranging from 1 .6 inches to 2.0 
inches have been manufactured and shown to be of suf- 
ficient widths for many applications. However, it is pos- 

30 sibte to produce the cold plates 1 00 from flattened tubes 
having widths of 6 inches and greater if necessary. 
[0017] The flattened tubes may be made from alumi- 
num, copper, and like metals and composites. However, 
copper tubing is preferred over aluminum because of its 

35 advantageous characteristics such as better thermal 
conductivity than aluminum. Also, copper is a more suit- 
able material when using water as a cooling fluid be- 
cause aluminum corrodes in the presence of water. Fur- 
thermore, when aluminum is used as the metal for the 

<"> flattened tube and water is used as the cooling liquid, 
well known and commercially available corrosion inhib- 
itors, such as ethylene glycol mixtures, must be added 
to the water. Alternatively, well known and commercially 
available anticorrosion fluids, such as hi-dielectric flu- 

4.5 jds, are used in place of the water/corrosion inhibitor 
mixtures in place of water. However, copper and other 
anti-water corrosive materials are desired to be used be- 
cause of the greaterthermal conductivity and wide avail- 
ability of water. Also, when water is used as the cooling 

50 fluid, the fins 1 1 0 may be spaced further apart to provide 
wider channels 140 because water provides excellent 
heat transfer characteristics. 

[0018] A high performance cold plate constructed 
from copper has a unique design in both the geometry 
55 of its flow passages and the manufacturing process 
used to produce the flow passages. Figs. 4(a) and 4(b) 
illustrate an example of a top section and a bottom sec- 
tion 420 and 430 respectively of a cold plate having an- 
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gled fins 412 and 414 according to an embodiment of 
the present invention. When the top and bottom sections 
are superimposed on one another, the angled fins cross 
one another and provide angled fluid flow paths through 
channels 422 and 424 which greatly enhances the heat 
transfer. Fig. 5(a) illustrates the geometry formed of the 
angled fins 51 2 and 51 4 on the top and bottom sections 
520 and 530 respectively and Fig. 5(b) illustrates an iso- 
metric view of the internal passages of the cold -plate 
according to the present embodiment. The thickness 
and length of the fins as well as the intersection angle 
of the fins may vary based on the desired application of 
the cold plate. Thereby, the walls of the fins may be eas- 
ily tailored to be thin or thick, and spaced closely or wide- 
ly depending on the particular application. 
[0019] The process used to produce the pattern of 
flow channels according to the present embodiment 
comprises post-processing a copper or other tube 600 
with straight spiral fins 610 extruded down the length of 
the internal diameter. An exemplary cross section of the 
geometry of the copper tube 600 prior to any post- 
processing is illustrated in Fig. 6. The post-processing 
procedure includes the step of modifying the external 
shape for the copper tube 600 from its original diameter 
to a flat tube such that the fins 610 are in contact with 
each other at the crossing points. Such a modification 
can be achieved by extruding the tube 600 through one 
or more dies and/or by use of a clamping form 604 caus- 
ing the tube 600 to flatten. A variety of methods for at- 
taching the fins 610 to one another can be used to im- 
prove the pressure resistance of the flattened tube for 
the resulting cold plate. The attaching methods may in- 
clude soldering, brazing and welding the fins 610. 
[0020] Figs. 7(a) and 7(b) illustrates a completed cold 
plate system 700 according to an embodiment of the 
present invention with an inlet tube 720 and an outlet 
tube 730 brazed into opposite ends of the flattened tube 
710 to provide a system for allowing the cooling liquid 
to flow in and out of the channels of the flattened tube 
71 0. The cold plate may be also used for two phase fluid 
flow according to another embodiment of the present in- 
vention. For example, well known and commercially 
available refrigerants, such as R134a, can be used so 
that the fluid evaporates in the cold plate. Thereby, an 
even greater degree of cooling is achieved than can be 
effected with just a single phase liquid. 
[0021] It will be apparent to those skilled in the art that 
other modifications to and variations of the above-de- 
scribed techniques are possible without departing from 
the inventive concepts disclosed herein. Accordingly, 
the invention should be viewed as limited solely by the 
scope and spirit of the appended claims. 



Claims 

1 . A cold plate for liquid cooling electrical components, 
comprising: 



a flattened tube formed from a circular extruded 
tube to have a top surface and a bottom surface 
that are substantially parallel and contiguously 
connected by rounded corners and defining an 
5 interior space, said circular extruded tube in- 

cluding, 

a plurality of fins extending into said interior 
space from inner walls thereof to form a plurality 
of channels in said flattened tube between said 
10 fins for defining a cooling liquid passage there- 

through. 

2. A cold plate according to claim 1 , further comprising 
first and second header tubes connected to oppo- 

*5 site edges of said flattened tube which connect to 
said plurality of channels and provide an inlet for 
said cooling liquid at said first header tube and an 
outlet for said cooling liquid after passing through 
said channels at said second header tube. 

20 

3. A cold plate according to claim 1 , wherein said flat- 
tened tube extends in a direction, and said fins ex- 
tend parallel to said direction. 

25 4. a cold plate according to claim 1 , wherein said flat- 
tened tube extends in a direction and said fins ex- 
tend at a predetermined angle to said direction. 

5. A cold plate according to claim 1 , wherein said fins 
30 associated with said top surface extend at an angle 
to the fins associated with said bottom surface form- 
ing a plurality of intersecting points to form a tortur- 
ous fluid flow path. 

35 6. A cold plate according to claim 4, wherein said flat- 
tened tube comprises extruded portions spaced 
around said interior wall of said flattened tube. 

7. A cold plate according to claim 1 , wherein said flat- 
40 tened tube comprises copper. 

8. A cold plate according to claim 1 , wherein said cool- 
ing liquid comprises water. 

45 9. a cold plate according to claim 2, wherein a plurality 
of said flattened tubes are connected between said 
first and second header tubes. 

10. A cold plate according to claim 1 , wherein th top sur- 
50 face of said flattened tube comprises a plurality of 

attaching mounts extending therefrom for receiving 
the electrical components. 

11. A method of forming a cold plate system for liquid 
55 cooling electrical components, comprising the 

steps of: 

(a) extruding metal in a circulartube comprising 
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a plurality of fins extending from the interior sur- 
face of said tube, said fins being equally spaced 
and of a predetermined height; and 
(b) flattening said tube so that a top surface and 
a bottom surface are substantially parallel and 5 
contiguously connected by rounded corners 
and said fins extend into an interior between 
said top and bottom surfaces. 

12. The method according to claim 11 , wherein said fins 10 
on opposite surfaces contact each other to form a 
plurality of channels. 

13. The method according to claim 1 1 , further including 
the step of connecting first and second header 15 
tubes to edges of said flattened tube to provide an 
inlet for a cooling liquid to said channels at said first 
header tube and an outlet for said cooling liquid at 
said second header tube. 

20 

14. The method according to claim 1 1 , wherein said flat- 
tened tube extends in a direction and said fins ex- 
tend parallel to said direction. 

1 5. The method according to claim 1 1 , wherein said flat- 25 
tened tube extends in a direction and said fins ex- 
tend at a predetermined angle to sard direction. 

1 6. The method according to claim 1 1 , wherein said fins 
associated with said top surface extend at an angle 30 
to the fins associated with said bottom surface form- 
ing a plurality of intersecting oints to form a torturous 
fluid flow path. 

1 7. The method according to claim 1 1 , wherein said flat- 35 
tened tube is extended at said step (a) to comprise 
portions spaced around said interior wall of said flat- 
tened tube. 

18. The method according to claim 11 , wherein said flat- *o 
tened tube is extruded from copper at said step (a). 

19. The method according to claim 13, wherein said 
cooling liquid comprises water. 

45 

20. The method according to claim 1 3, further compris- 
ing the step of connecting a plurality of said flat- 
tened tubes between said first and second header 
tubes. 

50 
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(54) Flattened tube cold plate for liquid cooling electrical components 



(57) A cold plate and a method of forming the cold 
plate are provided that efficiently and cost effectively 
cools electrical components. The cold plate includes a 
flattened tube formed from a circular extruded tube to 
have a top surface and a bottom surface that are sub- 
stantially parallel and contiguously connected by round- 
ed corners and defining an interior space. The circular 
extruded tube includes a plurality of ins extending into 
the interior space form inner walls thereof to form a plu- 



rality of channels in said flattened tube between said fins 
for defining a cooling liquid passage therethrough. The 
fins may extend parallel to the direction that the flattened 
tube extends, or extend at a predetermined angle to the 
direction that the flattened tube extends. Also, the fins 
associated with the top surface may extend at an angle 
to the fins associated with the bottom surface to form a 
plurality of intersecting points which form a torturous flu- 
id flow path. 
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